Heavy metals are of particular concern due to their toxicity and bioaccumulation ability in aquatic ecosystems and aquatic organisms. In general, they are not biodegradable and have long biological halflives. According to the World Health Organization (WHO), heavy metals must be controlled in food sources in order to assure public safety [1] . Heavy metals are taken up and accumulated by aquatic organisms both from the surrounding medium and via food sources (deep-sea carnivorous fish in particular accumulate metals in their muscles via the food chain). The extent of heavy metal accumulation is affected by external (dissolved metals, physicochemistry, dissolved oxygen, interactions between metals, sediment, food, seasonal effects, geographical differences) and internal (individual variability, body size and development stage, sex, breeding condition, brooding, moulting and growth, behaviour) factors [2, 3] .
in water. Therefore, the concentration of metals in gills reflects their concentration in water where the fish live [6] [7] [8] .
In the present study we selected gills as a primary site of metal uptake and muscle as specialized in metal storage. The main objective of this study was to present the level of five metals, namely cadmium (Cd), lead (Pb), copper (Cu), zinc (Zn), and iron (Fe) in gills and muscle tissue of four commercially valuable benthic marine fish species (Merluccius merluccius, Lophius budegassa, Helicolenus dactylopterus, and Chlorophthalmus agassizi) contributing to the effective monitoring of both environmental quality and the health of the organisms caught from the northeastern Mediterranean.
Materials and Methods

Collection and Preparation of Samples
The fish samples were caught by bottom trawlers between 459 and 582 m deep, in the Turkey's northeastern Mediterranean Sea (36º08ʹ604"N-34º38ʹ593"E/36º17ʹ 766" N-34 22ʹ533"E) ( Fig. 1) .
Immediately after collection, samples were washed with clean sea water at the point of collection, separated by species, stored in a container, preserved in crushed ice, and transferred to the laboratory where the total size and weight of the samples were measured and the gut content, edible tissue, and gills were separated. Then samples were placed in labeled polyethylene bags and stored at -20ºC until processing for metal analysis. Sixteen samples from each fish species were obtained from the sampling area.
Determination of Heavy Metals
The edible tissue and gill samples were transported with dry ice to the Accredited Industrial Services Laboratory of Turkey/Izmir. For each fish species, 2 g of edible tissue and gill (wet weight) were weighed and placed in a digestion vessel with 5 ml of concentrated (65%) nitric acid (HNO 3 ) and 2 ml (30%) hydrogen peroxide (H 2 O 2 ), and digested in a microwave oven system [9] . Inductively Coupled Plasma -Optical Emission Spectrometry (ICP-OES-Perkin Elmer Optima 8000º) was used for determination of Cd, Pb, Cu, Zn, and Fe in the samples. The concentrations were expressed as μg/g wet weight.
Data Analysis
For data analysis, analysis of variance and Duncan's multiple range test were employed using SPSS 15.0 Windows Software for finding out statistical differences among various parameters. Statistical significance was defined at p<0.05. The mean values were obtained from 3 experiments and reported as means±SD.
Results and Discussion
The amount of bioaccumulations of heavy metals in tissues may vary depending on length and weight of samples [10] . Table 1 shows mean length (cm) and weights (g) of the species examined in the study.
The mean and comparison of heavy metal levels (μg/g) in tissues for the selected four fish species (Merluccius merluccius, Lophius budegassa, Helicolenus dactylopterus, and Chlorophthalmus agassizi) are presented in Table 2 . As shown in Table 2 , this investigation showed that the mean concentration of heavy metals in tissues was quite different (varied significantly) among the four species (p<0.05). Recent studies have indicated that different fish species from the same area contained different metal levels in their tissues. Heavy metal bioaccumulation of fish is speciesdependent. Feeding habits and lifestyles of species are strongly related to accumulation levels [11] [12] [13] . In the study, there were great variations among amounts of Zn, Cu, and Fe accumulation in investigated tissues of the species (p<0.05). Metal ions are first absorbed through the gills because they are directly in contact with the contaminated medium and also have the thinnest epithelium when compared to other organs [14] . Besides, it was reported that active metabolite organs such as gill accumulate more heavy metals than other tissues, like muscle [12, 13] . Therefore, in our study the highest concentrations of metals were found in gill, while the lowest concentrations were in the muscle tissue for all species. Canli and Atli [15] pointed out that heavy metal concentrations in gill of Mediterranean fish species are higher than the muscle tissues. Our results are also in agreement with the many authors who have reported that gills have a high tendency to accumulate heavy metals [16] [17] [18] . On the other hand, the accumulation orders of heavy metals in the tissues (gill and muscle) were nearly similar. The mean concentration of measured metals in gills was found to be in the following order: Fe>Zn>Cu>Pb>Cd. Cu and Fe concentrations were significantly different in the gills of all fish samples. Significant differences of Zn concentrations were found in gills only between M. merluccius and L. budegassa. Distribution patterns of metal concentrations in the muscle of the fish species follow the sequence: Zn>Fe>Cu>Pb=Cd. Significant differences of heavy metal concentrations were found in the muscle between all species (p<0.05).
In the gills, the highest metal concentration was found as Fe (73.730 μg/g) in Lophius budegassa, the lowest was found in C. agassizi as 42.56 μg/g. Similarly, Akan et al. [19] reported the highest concentration of Fe in gill of Synodentis budgetti. Zn concentration was the second highest in the metals among the species, in which C. agassizi had the highest concentration (33.84 μg/g) and L. budegassa had the lowest (14.47 μg/g). The observed concentration of Cu in gills was higher in C. agassizi (1.086 μg/g). Pb was detected only in gill of C. agassizi as 0.133 μg/g (Pb was below the detection limit of the ICP-OES in other all tissues of species). Cd was not detected in any tissues of the species examined in the study. This may arise from the fact that Cd and Pb are either only in trace amounts in their habitats or these elements are not biomagnified in fish tissues [12] .
In the muscle tissue, Zn showed the highest level (5.875 μg/g) in L. budegassa while the lowest level was in Merluccius merluccius (3.692 μg/g). Zn, being an essential element for normal growth and metabolism of organisms, exhibited the highest accumulation in the organism when compared with other metals [20] . According to Pourang et al. [21] , Zn is the most abundant element in the muscle followed by other metals. Krishna et al. [22] reported that the highest concentration of the metal in edible organs of fishes was Zn. Our results are in agreement with the results reported on Zn. The maximum and minimum concentra- [11] tions of Fe were obtained in H. dactylopterus and L. budegassa as 3.283 μg/g and 2.469 μg/g, respectively. The highest level of Cu was found in C. agassizi (0.288 μg/g), the lowest value was detected in L. budegassa (0.186 μg/g). A comparison of mean concentrations of metals in tissues of some species from the northeastern Mediterranean Sea is given in Table 3 , which demonstrates that the metal levels of tissues are variable in organisms and reflect the level of contamination in the sampling areas. As seen in Table 3 , the Cd, Pb, Cu, Zn, and Fe concentrations in tissue of some marine fishes seem to be higher than the present study. For example, Külcü et al. [23] reported that the Pb, Cu, Zn, and Fe levels in muscle tissues of M. merluccius were higher than those found in our study for same species. Similarly, Renieri et al. [24] pointed out that the Cd and Pb contents in muscle tissue of L. budegassa were also higher than those found in our study for same species. This is perhaps due to our sampling area being a less contaminated marine environment compared to water (sampling area) given in Table 3 . However, all the previous studies indicated that various factors such as season, length and weight, different ecological needs, metabolism and feeding patterns of fish, physical and chemical status of water type, and the level of water pollution can play a role in the tissue accumulation of metals [11, 25, 26] .
The levels of Cd, Pb, Cu, Zn, and Fe determined in the muscles of the four studied fish species were lower than the permisseble values described in the literature (Table 4) . Consequently, it can be concluded that the metal concentrations were below international admissible limits for human consumption for all of the studied samples in this region.
Conclusions
Based on the result of this study, the levels of heavy metal concentrations in tissues (gill and muscle) of Merluccius merluccius, Lophius budegassa, Helicolenus dactylopterus, and Chlorophthalmus agassizi caught from the northeastern Mediterranean Sea did not exceed the permissible limits set for the studied heavy metals by regulations. Therefore, these fish in this area of study did not pose any threat to humans upon consumption. But it may be suggested that continuous care must be taken (especially seasonal) to biomonitor the heavy metal levels if they exceed the maximum permitted concentrations for human consumption. The highest levels of all the metals in the present study were observed in gills of the four fish samples, while muscle showed the lowest value. However, the results in this study demonstrate that the 
